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INTRODUCTION 
The use of Additive Manufacturing in the design and development of Lab-on-Chip devices has seen significant 
increases in popularity over recent years. The processes advantages of applying highly complex geometries 
including internal features that can be designed and printed to very high resolutions. At Loughborough 
University a key focus is towards the manufacturing and testing of Smart reactors. These devices are being 
developed to extend the boundaries of application for such fluidic devices through adaptive sensing for 
chemical analysis and the embedding of actuators that can manipulate the input. The projects that will be 
discussed are in conjunction with the Mini-CDT  in Smart Reactor Technology (SRT), with collaborations across 
the university including Chemistry, Chemical Engineering and Sports Science. 
 
PROJECTS 
The ability to draw information from a variety of different disciplines is key to the success of the work currently being undertaken by students and staff 
within the Additive Manufacturing Research Group (AMRG), as a result of this several different groups have contributed to the work covered. Through this 
collaborative approach, further advances into key areas such of research can be realised through the drawing of knowledge from several disciplines 
  
 
ADDITIVELY MANUFACTURED 
LAB-ON-CHIP DEVICES  
1. Magneto-Separation 
Helical Reactors 
 
Stereolithography (SLA) is utilised to 
print a complex arrays of 3D helical 
channels positioned around a 
central magnet in order to utilise it’s 
magnetic field. The ability to 
successfully extract these iron 
particles will allow for development 
of cleansing of liquids in which 
antibodies attached to iron oxide 
particles are separated from 
samples 
 
Findings 
- Essential post-processing is 
required to avoid the stair 
stepping, that has a direct 
impact on particle loss if 
untreated. 
- Optimised the distance form the 
magnet to the channel taking 
into account material 
permeability 
- Initial runs on flat channel 
reactors have reduced the 
particle loss down to 11% using 
iterative design. 
 
 
2. Metal Matrix 
Microfluidics with 
Adapted Sensing 
Ultrasonic Additive Manufacturing 
(UAM) can target the production of 
devices with suitable physical, 
thermal and mechanical properties 
using metal foils. Metal Matrix 
Microfluidics (MMM) can be applied 
for their ability to withstand higher 
temperatures and pressures and 
solvent compatibility. The unique 
properties of UAM which allow for 
multi-material structures and 
embedded sensors is key in the 
design and development of smart 
reactors capable of achieving closed 
loop reaction control.  
 
Findings  
- UAM can produce fully enclosed 
channels allowing them to take  
pressures up to 3000 bar. 
- Embedded sensors and heating 
elements are currently being 
adapted to fit and operate within 
these UAM structures  
3. Embedded Metal 
Coated Optics 
 
The ability to monitor a chemical 
reactions progress ‘on-chip’ has the 
potential to massively reduce the 
time and cost associated with the 
production of high value chemicals 
and pharmaceuticals. Through the 
use of UAM, optical fibers equipped 
with a protective metal jackets (Al 
and Cu) were embedded into a solid 
Aluminium matric to form Smart 
Metal Matrix Composite (SMCC) 
structures. These structures have 
the potential to afford the user 
direct in-line reaction monitoring 
and use the information yielded to 
optimise and control the reactions. 
 
Findings  
- Enhanced mechanical and 
physical properties from metal 
coating the fibres 
- No drop off in optical 
performance of the embedded 
optics.  
 
4. Copper Coated 
Reactor Channels  
 
Significant issues associated with 
the use of SLA is the incompatibility 
of the build material with a large 
number of commonly used organic 
solvents. The ability to selectively 
coat the channels walls of the 
fluidic devices using electroless 
deposition of copper onto the 
polymer SL materials. This was 
based on both coppers ability to 
catalyse certain reactions and also 
its potential application for later 
electronics work.  
 
Findings 
- Through the application of 
several plating baths, two 
suitable candidates were found, 
and the process optimised for 
wafers of the SL resin.  
- The plating process was applied 
selectively to the internal 
features of the  fluidic devices, 
assisting in the protection 
against solvents. 
Figure 1: HIV microfluidics accessed on 16/06/2015 via https://www.asme.org/engineering-
topics/articles/bioengineering/using-microfluidics-to-diagnose-hiv 
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Figure 2: Helical reactor CAD model showing magnetic lines of influence (a); 
Helical reactor testing of mixing of dyes down both helix channels (b) 
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Figure 3: Diagram of the UAM process (a); UAM printed part using Aluminium 
3003 enclosing a mixing channel(b) 
Figure 4: Copper coated optical fiber embedded 
with an Al 3003 metal matrix(a) Transmission 
testing (b) 
Figure 5: Image sof both Copper 
plated SL wafers and images of 
the plated internal features  
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